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Approximately 1 percent of healthy individuals carry human herpesvirus-6 within a host chromosome. This 
is referred to as chromosomally integrated herpesvirus-6 (CIHHV-6). In this study, we investigated the 
chromosomal integration site in six individuals harboring CIHHV-6B. Using FISH, we found that HHV-6B 
signals are consistently located at the telomeric region. The proximal endpoints of the integrated virus were 
mapped at one of two telomere-repeat-like sequences (TRSs) within the DR-R in all cases. In two cases, we 
isolated junction fragments between the viral TRS and human telomere repeats. The distal endpoints were 
mapped at the distal TRS in all cases. The size of the distal TRS was found to be ~ 5 kb which is sufficient to 
fulfill cellular telomeric functions. We conclude that the viral TRS in the DR regions fulfill dual functions for 
CIHHV-6: homology-mediated integration into the telomeric region of the chromosome and neo-telomere 
formation that is then stably transmitted. 



Human herpesvirus 6 (HHV-6) is one of the best characterized family members of the nine human 
herpesviruses. HHV-6 is classified as two distinct species, designated HHV-6A and HHV-6B, with an 
overall nucleotide sequence identity of 90%' 3 . It has been demonstrated that primary HHV-6B infection 
occurs in infancy and causes a common febrile exanthematous illness, exanthem subitum 4-5 . However, neither the 
clinical features of primary HHV-6A infection nor the diseases directly associated with it have been identified to 
date. Following primary infection, HHV-6 remains latent in monocytes/macrophages and persists in the salivary 
glands 6,7 . In transplant recipients, HHV-6B reactivation can cause several clinical conditions such as encephalitis, 
bone marrow suppression, and pneumonitis 8,9 . 

Accumulating evidence now indicates that a subset of normal healthy individuals carry the HHV-6 genome 
within their chromosomes, which is known as chromosomally integrated herpesvirus-6 (CIHHV-6) 10 . The virus 
genome in these cases is transmitted by Mendelian inheritance. The integrated virus itself does not appear to be 
pathogenic, but CIHHV-6 carriers are often identified as high-titer virus carriers during screenings for HHV-6 
reactivation in immunocompromised hosts. The presence of CIHHV-6 is not a rare condition with a reported 
incidence in healthy individuals of 1% in Caucasians and 0.21% in Japanese populations 1 1_13 . 

Based on consistently detectable FISH signals at chromosome ends in all previously analyzed independent 
CIHHV-6 cases, it had been speculated that the HHV-6 viral genome is integrated into human telomeres through 
an unknown mechanism that is specific to HHV-6 14 . The HHV-6 genome comprises a linear double stranded 
DNA of 159 kb flanked by identical 8 kb direct repeats at the left and right ends (DR-L and DR-R). Each DR 
contains two human telomere repeat (TTAGGG)-like sequences (TRS) proximal to both ends of the DRs 1516 . The 
function of these motifs is uncertain, but it is not unreasonable to hypothesize that they plays a role in protection 
of viral genome ends from host defense systems such as nucleases in a similar manner to the telomere protection 
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from DNA end repair systems in eukaryotes 17 . Recently, sequence 
analysis of the junction fragments of three individuals with CIHHV- 
6A revealed that the HHV-6 genome was directly joined with the 
human telomeric region via TTAGGG repeats in each case 18 . A 
homology- directed mechanism operated by host DNA damage 
repair response pathways such as homologous recombination is 
likely to mediate these rearrangements 19 . 

To further elucidate the mechanism of the viral integration into 
the human telomeres, we investigated the integration sites in six 
Japanese individuals harboring CIHHV-6B. 

Results 

Six cases that were suspected to CIHHV-6B by having genome-equi- 
valent copy number of viral DNA in peripheral blood samples esti- 
mated by qPCR were analyzed 20 . Standard cytogenetic evaluations 
revealed no abnormalities in any of these subjects. FISH analysis with 
a HHV-6 genomic DNA probe detected virus-specific signals on the 
long arm of chromosome 22 in two cases (cases 18 and 19), on the 
long arm of chromosome 6 in one case (case 31), and on the short 
arm of chromosome X in the two cases (cases 28 and 63) (Fig. lb-d). 
The mother of case 19 (case 20) was also analyzed and showed HHV- 
6 signals on the long arm of chromosome 22. Thus, a CIHHV-6B 
diagnosis was confirmed in all six study subjects. CIHHV-6B FISH 
signals were detectable on only one of the homologues in each case, 
suggesting that all six individuals were heterozygotes in terms of viral 
integration. HHV-6 signals were consistently detected at the end of 
the chromosomes, presumably at the telomeric regions, in all six 
cases. 

To next determine the structure of the integrated viral genome in 
our subjects, we performed MLPA experiments which allowed us to 
determine copy number of the target sites of the viral genome relative 
to the chromosomal DNA in each case. The copy numbers for the UL 
regions were constant and similar to the chromosomal regions used 



as references (Fig. 2), suggesting that a single copy of the viral gen- 
ome was integrated within the chromosomal DNA in our CIHHV-6 
cases. Copy numbers for the DRs varied among the subjects; two-fold 
higher than those for the UL regions in cases 18, 19, and 20, three- 
fold higher in case 28, and at a similar level in case 31. 

To map the breakpoints of the HHV-6 integration in more detail 
in our subjects, Southern analyses using several HHV-6 probes were 
performed. Since the two TRS regions in the DR-R are good candi- 
dates for viral integration breakpoints, DR probes located near to the 
TRS-2 site were used (Supplementary Fig. SI). These DR probes 
yielded two distinct bands of a similar intensity (Fig. 3a). One of 
the bands was detected at a similar position in all cases with a size 
that was expected for the DR-L, suggesting that the DR-L was intact. 
The sizes of second band were different in each case, although two 
cases that were found to carry the HHV-6B at the long arm of chro- 
mosome 22 showed a second band of similar size. This suggests that 
these fragments included the junction between the viral and human 
genome. According to the restriction map, the breakpoints were 
predicted to be located within the TRS-2. A similar band pattern in 
two cases with a 22q integration indicated a common founder for this 
integration event. The fact that two bands were detectable in these 
analyses suggests that the entire viral genome was inserted together 
with both the DR-L and DR-R. The fact that the intensities of the two 
detected bands were similar further supports the idea that only a 
single copy of entire HHV-6B genome had been inserted in each 
individual. 

We next attempted to isolate the junction fragments and could 
fortunately rely on sequence information for the subtelomere-telo- 
mere junction in the Xp region. First, we performed PCR using a 
primer designed to amplify the subtelomeric region flanking the 
telomere repeats and a primer that recognized the UL region just 
outside of the DR-R. The amplification reactions appeared to yield 
no product, but subsequent Southern hybridization analysis detected 
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Figure 1 | Characterization of CIHHV-6B by FISH, (a) Schematic representation of the HHV-6 genomic structure. The 10 kb Pst I fragment used as s 
FISH probe is indicated. Gray boxes indicate DR sites and hatched boxes indicate TRS regions, (b) FISH analyses of metaphase chromosomes 
derived from the CIHHV-6B study subjects. A signal from the HHV-6B probe is detectable at the end of chromosome 22q (case 18), chromosome 6q (case 
31) or chromosome Xp (case 28) (yellow arrowheads). The reference signals for chromosome 22ql 1.21, 6p and Xq are indicated by white arrowheads. 
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Figure 2 | Analyses of the CIHHV-6B genome structure by MLPA. (a) Schematic representation of the HHV-6B genome. The positions of the MLPA 
probes are indicated below the diagram. The scale bar indicates the distance from the starting point of DR-L. (b) Results of MLPA analyses. The 
vertical axis indicates the viral genome copy numbers relative to the single copy human genomic region. Data for cases 18, 19, 20, 28 and 31 are indicated 
from left to right. 



a fragment exceeding 10 kb in length in case 28 with a HHV-6 
integration at chromosome Xp (Fig. 3b). This indicated that the 
breakpoints of the virus were located within the DR-R. 
Unfortunately, less sequence information was available for the sub- 
telomeric regions of chromosomes 6q and 22q. We attempted to 
perform junction PCR using a primer that bound to the most distal 
end of the reported subtelomeric sequence and a primer that recog- 
nized a region just outside of the DR-R, but no amplicon was 
obtained. We also tried inverse PCR but failed, because a short 
PCR product derived from short TTAGGG repeat present in the 
DR-L inhibited the amplification of real junction. 

To further narrow down the positions of the HHV-6 breakpoints, 
multiple PCR primers were designed within the DR. Combined with 
a subtelomeric primer designed on the basis of sequence information 
for the Xp subtelomere-telomere junction (hgl9, chrX: 60,427- 
60,445), all of the primers that recognized sites within the DR yielded 
PCR products of the expected size, which confirmed that the viral 
breakpoint is located within the TRS-2 (Fig. 3c). Sequencing of these 
amplicons revealed that the subtelomeric and viral DR-R regions 
were connected via 166 copies of the TTAGGG repeat, which is much 
shorter than the typical telomere repeat region in humans (9-15 kb; 
Fig. 3d) (GenBank accession number AB822541). These PCR experi- 
ments also yielded junction products in case 63 who had a HHV-6 
integration at chromosome Xp. The sequence of this amplified frag- 
ment indicated that the integration sites are identical and the differ- 
ences in the PCR product sizes was due to varying numbers of 
telomere repeats. 

In one of our study subjects (case 31), the results of MLPA revealed 
only one copy of the DR, which was a similar level to the UL. 
Southern hybridization results for case 31 also produced a distinct 
pattern. A DR probe detected no bands corresponding to the DR-R, 
but constant bands only corresponding to the DR-L, suggesting that 
the TRS-2 had been deleted and that the HHV-6 breakpoint is 
located at a more distal region in this subject (Fig. 3a). Since TRS-1 



is another candidate for the viral breakpoint, PCR for this region was 
performed using a DR primer flanking the TRS- 1 site and a primer 
that was located just outside of the DR-R. No PCR product was 
obtained for case 31 although a TRS-1 amplicon was obtained in 
all other subjects, suggesting that the breakpoint in this one subject 
was located within the TRS-1 site in the DR-R (Supplementary Fig. 
S2a). Unexpectedly, the sizes of the TRS-1 PCR products from other 
cases were much larger (~5 kb) than that reported in the database 
(-300 bp), and also than TRS-2 (-500 bp). Although TRS-1 is 
referred to as heterogeneous (TTAGGG) n due to the reported pres- 
ence of imperfect repeats, sequence analyses of our study subjects 
revealed a much longer stretch of perfect TTAGGG repeats than has 
been previously reported for the TRS-1 site, and greater also than 
those of TRS-2. 

In case 28, MLPA results revealed a three-fold higher copy number 
for the DR compared with the UL region. Southern analyses further 
demonstrated the presence of additional DR copies in this subject, 
evidenced by three distinct bands (Fig. 3a). Sizes of the restriction 
fragments detected by DR probes suggested a proximal-DR-DR-UL- 
DR-distal structure within the genome of this individual 
(Supplementary Fig. SI, S3, and S4). To reveal the junction of the 
two distal DRs in this case, we performed PCR encompassing the 
TRS-2 - pac2 - pacl - TRS-1 region. Only case 28 yielded a junction- 
specific PCR product that was also yielded from the subject including 
the replicating HHV-6B obtained from patients with exanthema 
subitum (Supplementary Fig. S5a). However, sequence analyses 
revealed that the junction between the two DRs in case 28 did not 
include pacl or pac2, although the junction from the replicating 
HHV-6B carried the pacl and pac2 regions. 

To determine the structure of the other end of the HHV-6B gen- 
ome, we mapped the endpoint of the viral genome within the DR-L. 
PCR amplification of the TRS-2 site in the DR-L was performed, and 
amplicons were obtained for all of our CIHHV-6B subjects. This 
suggested that the TRS-2 region in the DR-L had remained intact 
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Figure 3 | Analyses of the junction between the human chromosome and viral genome, (a) Southern blot analyses of genomic DNA from the CIHHV- 
6B study subjects. The restriction enzymes used for these analyses are indicated above the panels; size markers are indicated on the left. Red dots indicate 
the rearranged bands derived from junction between human telomere and the HHV-6. Triangles indicate bands derived from the DR-L (green) and DR-R 
(orange), while blue triangles indicate the junction of the two DRs. Lane 1, case 18; lane 2, case 19; lane 3, case 28; lane 4, case 31; lane 5, non-CIHHV-6 
control, (b) Southern blot analyses of PCR products. The arrowhead indicates a junction-specific PCR product. Lane 1, case 28; lane 2, non-CIHHV-6. 
Complete raw autoradiogram image can be seen in Supplementary Fig. S6. (c) PCR products that incorporate junction fragments. The primer sets 
were designed on the DR region (7F or 8F) and subtelomeric region on chromosomes X. Two CIHHV-6 cases yielded amplicons of different sizes. Lane M, 
size markers; lane 1, case 18; lane 2, case 19; lane 3, case 20; lane 4, case 28; lane 5, case 31; lane 6, case 63; lane 7, non-CIHHV-6 case; lane 8, water 
control, (d) Sequence of the junctions in case 28. The sequence shown covers the region from the DR-R of the viral genome to the human subtelomeric 
region. Lowercase letters denote telomere repeats. 



in all cases (Supplementary Fig. S2b). We next performed PCR using 
one fixed primer for the site just outside of the DR-L and other 
primers for different sites within the DR. All of the primers within 
the DR successfully amplified specific products (Fig. 4). A telomere- 
repeat primer also yielded products appearing as a smear, the spe- 
cificity of which was confirmed by Southern hybridization 
(Supplementary Fig. S5b). However, the use of a primer for the 
pacl site did not yield any specific product. We also designed 
MLPA probes within the pacl or pac2 region which produced a 
single copy signal which was similar to the UL region (Fig. 2), sug- 
gesting the absence of the pacl site. These results demonstrated that 
the CIHHV-6B chromosome ends within the TRS-1. 

The presence of the TRS-2 in the DR-L not only indicated an intact 
TRS-2, but also gave us the opportunity to analyze individual varia- 
tions in the TTAGGG repeat numbers. As expected, the sizes of the 
PCR products varied among individuals (Supplementary Fig. S2b) 21 . 
Among three of our study subjects with an integration at 22q, two 
cases from the same family (cases 19 and 20) showed an amplified 
product of the same size. The other case with a viral integration at 22q 
(case 18) showed a PCR product of a similar size but subsequent 
sequence analysis revealed different numbers of telomere repeats (32 
for cases 19 and 20 versus 29 for case 18). Two cases with a viral 



integration at Xp showed different numbers of repeats (27 for case 28 
and 23 for case 63). 

Discussion 

In our present study, we analyzed the structure of the integrated 
HHV-6B genome in six carriers of this virus using the MLPA tech- 
nique. Achieving accuracy in copy number measurements poses 
particular challenges when attempting to characterize a tandem 
repeat region. The MLPA method shows utility in reproducibly dis- 
tinguishing two copies of repeats from a single copy, which is not 
easily achievable using other standard methods. MPLA also over- 
comes the instability of the qPCR technique due to its high sensitivity 
to the amounts of template DNA, and thereby yields reproducible 
results 22 . Hence, MLPA is often used for the identification of dele- 
tion/duplication mutations in disease-causing genes or for determin- 
ing the status of copy number variations at certain chromosomal loci 
in humans. In our current study, the use of MLPA allowed us to 
clearly determine the copy number of the integrated HHV-6B gen- 
ome in the carriers and to characterize structural variations in the 
integrated viral genome among these CIHHV-6B cases. Our data 
indicate that human telomere repeats and the viral genomes had 
fused via one of the two TRSs within the DR-R in all six cases and 
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Figure 4 | Long range PCR analyses to determine the endpoints of the viral genomes, (a) Schematic representation of the HHV-6B genomic 
structure. The positions of the PCR primers are indicated below the diagram, (b) Results of long range PCR analyses. The 10R primer was used together 
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that the other end of the integrated HHV-6 virus is likely to be the 
distal TRS within the DR-L. Our findings are almost similar to those 
published previously 18,25 . These data implicate dual roles for the viral 
TRS sites in the manifestation of CIHHV-6. 

The first important role of the viral TRS in the onset of CIHHV-6 
is to trigger the homology-directed DNA repair mechanism for sub- 
sequent integration of the viral genome into the human genome. The 
ends of chromosomal DNA comprising the telomeres are generally 
structurally organized not to activate a DNA damage response by 
forming a stable T-loop DNA secondary structure and through the 
assembly of a shelterin complex 17 . Indeed, in normal cells, homolog- 
ous recombination is repressed at the telomere 23 . However, the short- 
ening of telomeres as a result of cell division might lead to a loss of 
chromosomal end protection and may cause improper DNA repair 
such as end-to-end fusions of the chromosomes by non-homologous 
end joining 24 . In our current study, the telomere repeats at the junc- 
tion between the human subtelomere and the HHV-6 genome were 
found to be low in number, which has also been reported prev- 
iously 18 . We thus speculate that telomere shortening, when it occurs 
in the cells infected with HHV-6, may activate a homology-directed 
DNA damage response that leads to viral integration. 

A previous report has indicated that the viral breakpoints are 
located at TRS-2, both for CIHHV-6A and 6B 18 ' 25 . The TRS-2 site 
has been shown to be longer and contain fewer degenerate TTAGGG 
repeats than TRS-1. However, our current analyses has revealed that 
the sizes of the TRS-1 region in our study subjects were much larger 
than TRS-2 and contained more perfect telomere repeats. If the free 
DNA end at the human telomere had activated the homology-direc- 
ted DNA repair response pathway and searched for the appropriate 
template for DNA repair via homology, the integration event would 
have preferentially utilized TRS-1. However, we found that this was 
not the case. Thus, we speculate that the viral DNA end may be 
recognized as a bona fide DNA end by the host DNA repair system 
and thus subjected to end resection via homology-directed 



machinery. A small resection would be sufficient to reach the TRS- 
2 in the DR-R and enable the DNA end to find its homologous 
template, i.e. the human telomere. If the protection of the human 
telomere is incidentally removed at the time of this homology search 
due to age-related telomere shortening, the two DNA ends might be 
connected in a homology-dependent manner. 

Once HHV-6 infection is established, the circularization of the 
linear double stranded viral DNA give rises to the formation of a 
stable episomal form in the nucleus whereby latency is achieved 26 . 
During HHV-6 replication, the episome produces a head-to-tail con- 
catemer via a rolling circle mechanism, which is cleaved into a single 
unit of linear viral genome and is subsequently recircularized. A 
previous study has reported that some CIHHV individuals carry 
more than two copies of HHV 27 . However, in our current study we 
found only one copy of the viral genome in all of the CIHHV-6 cases 
in our cohort. In case 28, we identified tandem DRs repeat with no 
intervening pacl-pac2 region, which should be identified in a rep- 
licating concatemer or episomal virus. This suggests that a single 
linear form of replicated HHV-6 in latently infected cells gives rise 
to the integration event 10 . Normally, linear viral DNA ends are pro- 
tected by episome formation, but it is possible that replication errors 
at the junction might result in an uncircularized virus genome, which 
may induce a DNA damage response. Although homologous recom- 
bination is suppressed at the telomere, a recent report has provided 
evidence of single strand annealing as a mechanism of telomere 
fusion 28 . 

The second pivotal role of the TRS regions in CIHHV-6 is the 
stabilization of the chromosomal end required for transmission of 
the virus. In our current analyses, we demonstrate that the end of the 
HHV-6B integrated chromosome was TRS-1, which others have also 
demonstrated using single telomere length analyses 25 . Once HHV-6 
is integrated into the human telomere via homology with the TRS in 
the DR-R, the other end of the viral genome, DR-L, becomes a 
chromosomal end. Without the protection that normally operates 
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for chromosomal ends at the telomeres, the DR-L is subject to DNA 
end resection until the TRS-1 appears. Since the TRS-1 length is 
sufficient to recruit components of the shelterin complex, it can form 
a neo-telomere to maintain its size during some rounds of DNA 
replication and cell division until it forms gametes to transmit the 
viral genome to the offspring. We note that there is no reported case 
of chromosomally integrated HHV-7 2 ' and this might be due to a 
short TRS-1 (90 bp) in the genome of this virus which cannot main- 
tain chromosomal end stabilization (U43400). 

One of our current CIHHV-6B cases (case 31) was found to carry a 
different junction between the virus and human telomere, with a 
breakpoint in the TRS-1 region. One possibility for this occurrence 
is that a long DNA end resection took place that extended to the 
TRS1, which may be rare. Another possibility is a post-insertional 
genomic rearrangement 30 . Alternatively, non-allelic homologous 
recombination (NAHR) between the two TRS sites might have pro- 
duced the deletion of DR-R in case 3 1 , thereby mimicking the break- 
point at a different location for the initial integration. Another 
CIHHV-6B subject in our present analyses (case 28) was found to 
carry three DR copies. This is also possibly a product of an NAHR 
event between the two different TRS sites on the HHV-6 virus. In 
contrast to the normal repression of homologous recombination at 
the telomere, the subtelomeric region is known to be highly unstable 
and undergo frequent recombination 31 . The integration of HHV-6B 
in cases 28 and 63 in our present study are likely to have originated 
from a single ancestor since an identical genomic structure, three DR 
sites without a pacl-pac2 junction, was found in these two indivi- 
duals. However, the repeat number at the TRS2-human telomere 
junction, as well as in the TRS2 site at the DR-L was found to be 
diverse between these two cases, suggesting that replication slippage 
or recombination may occur frequently at this new subtelomeric 
region. 

A remaining question from our current observations is the timing 
of HHV-6 integration during the life cycle of a human host. Since 
CIHHV-6 appears to be transmitted from parent to child in a 
Mendelian fashion, the integration event must occur during germ 
cell development. HHV-6 uses CD46 as its receptor for entry into the 
cell 32 . Since CD46, a regulator of the complement activation receptor, 
is expressed ubiquitously, HHV-6 can theoretically infect all human 
cell types including those of a germ cell lineage. Since spermatogenic 
cells undergo a considerably greater number of DNA replication and 
cell division events than any other cells, there may be a higher chance 
of an integration event due to telomere dysfunction, although germ 
cells do possess telomerase activity 33 . Our current findings that some 
identified CIHHV-6 cases have similar molecular characteristics sug- 
gest that integration is a rare event. We propose from this that a small 
number of ancestral chromosomes that had undergone a HHV-6 
integration have likely expanded throughout the general human 
population as a neutral polymorphism. 

Methods 

Human subjects. We analyzed six Japanese cases that were suspected to CIHHV-6B 
by having genome-equivalent copy number of viral DNA in peripheral blood samples 
estimated by qPCR 20 . The clinical features of the cases are listed in Table 1. After 
informed consent was obtained, peripheral blood samples were obtained again from 
each patient for our genomic analyses. Our study was approved by the Ethical Review 



Board for Human Genome Studies at Fujita Health University (Accession number 90, 
approved on 24 March 2010). All cases provided their written informed consent to 
participate in this study. 

Fluorescent in situ hybridization (FISH). FISH was performed using a standard 
method. Briefly, PHA-stimulated lymphocytes or EB-transformed lymphoblasts were 
arrested by treatment with colcemid. Metaphase preparations were obtained by 
hypotonic treatment using 0.075 M KC1 followed by methanol/acetate fixation. A 
10 kb PstI fragment of HHV-6 was used as the probe (Fig. la) 312 . Probes were labeled 
by nick-translation with biotin-16-dUTP or digoxigenin-ll-dUTP. After 
hybridization, the probes were detected using either Alexa Fluor® 488-conjugated 
streptavidin or rhodamine-conjugated anti-digoxigenin, respectively. Chromosomes 
were visualized by counter-staining with 4',6-diamino-2-phenylindole (DAPI). As 
reference standards, we used RP11-18608 (22qll.21), TelVysion 6p SpectrumGreen 
and TelVysion Xq/Yq SpectrumOrange (Abbott Molecular, IllinoisI, USA). 

Multiplex ligation-dependent probe amplification (MLPA). MLPA probe pairs 
were designed using a standard methodology 22 so that they are strategically 
distributed throughout the viral genome, the central unique long (UL) region and two 
DRs, as well as pacl and pac2. In this strategy, MLPA probes consist of two 
oligonucleotides, each containing a PCR primer sequence and a variable length 
sequence complementary to the target. Genomic DNA was denatured (1 min at 
98 U C) and subsequently hybridized to the MLPA probe pairs in accordance with the 
manufacturer's protocol (MRC-Holland, Amsterdam, Netherlands). After ligation, 
probe pairs were amplified using universal primers. The multiplex PCR products 
were then separated on a capillary sequencer. For normalization, we created a plasmid 
harboring a tandem array of probe sequences separated by 10-nucleotide spacer and 
used this construct as a standard for the copy number. We only had an EB- 
transformed cell line for case 63 and did not use this sample for MLPA because the 
presence of the EB virus genome may affect the results. 

Analysis of junction fragments. Southern hybridization was performed using a 
standard methodology. Briefly, genomic DNA was cleaved with appropriate 
restriction enzymes, followed by size-separation via 0.8% agarose gel electrophoresis. 
After denaturation, the DNA was blotted onto a nylon membrane. Probes were 
labeled by crosslinking with alkaline-phosphatase and detected using CDP-Star 
detection reagent (GE Healthcare, Buckinghamshire, UK). To isolate a junction 
fragment, standard or long-range PCR was performed using LA Taq (TaKaRa, Siga, 
Japan). The amplification conditions were 35 cycles of 10 sec at 98G, 30 sec at 63 J C 
and 10 min at 72°C. A PCR primer was designed using the sequence data for the 
human chromosome X genomic contig (accession number NT_167191.1) and that of 
the HST strain of HHV-6B (AB021506). X-2R primer: 5'- 
TTGTCTCAGGGTCCTAGTG-3'. The PCR products were sequenced using the 
Sanger method. 

Mapping of the distal breakpoints. To map distal breakpoints on the viral genomes, 
long-range PCR was performed using LA Taq. PCR primers were designed using the 
sequence data for the HST strain of HHV-6B (AB021506). The amplification 
conditions were 35 cycles of 10 sec at 98°C, 30 sec at 63°C and 10 min at 72°C. For 
amplification of larger fragments, PCR cycles were increased up to 38 cycles. To 
amplify telomere repeats, we performed the PCR using the Tel-A primer, 5'- 
CCCTAACCCTAACCCTAACCCTAACC-3'. To show the smear products really 
contain telomeric repeats Southern hybridization was performed with a telomere- 
specific probe 34 . 
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